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Aerosols

* Impact air quality, hydrological cycle, climate

* Aerosol measurements available from multiple
spaceborne and ground-based sensors, however:
— Which of the available aerosol product to use?
e At what location?

e At what season?
e Under what conditions?

* |tis necessary to cross-validate aerosol products to

better understand their relative uncertainties and
limitations
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Multi-sensor aerosol analysis using Giovanni

http://disc.sci.gsfc.nasa.gov/giovanni/

WMODO08_M3.051 Aerosol ?ﬁgcgw?fth at 550 nm [unitleas]
9

#ON

Global AOD during -
August 2007/ : =
s =

MIL3MAE 004 Aerosal Jptical Dfxth‘z% ??5 nm {Green Band} [unidess]
ug

MISR
MODIS Aqua



http://disc.sci.gsfc.nasa.gov/giovanni/

Aerosol Sensors and Products

AERONET Ground-based N/A Varies with sites High accuracy
Terra 10:30 am Jan’00- : :

MODIS Aqua 10x10 km 1:30 pm Tul’02- High spatial coverage
MISR Terra 17.6x17.6 km 10:30 am Jan’00- Multiple viewing angles
OMI Aura 13.7x23.7 km 1:38 pm Oct’04- Absorption, SSA

ADEQOS Oct’96-Jun’97
POLDER ADEOS-2 19x19 km 1:30 pm Apr’03-Oct’03 Polarization
PARASOL Mar’05-
CALIOP CALIPSO 5x0 km 1:32 pm Jun’06- Vertical profile
SeaWiFS ~ SeaStar  135x135km  12:00pm  Jan'98-Dec’lo  |1C longest time span,

precise calibration
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Challenges in multi-sensor analysis using
Level-3 data

Correlation(A&B) (91Jan2008 — 310ec2004)
A: MYDOA_D3.051 Asraaal Optical Depth at 550 nm (unitleas)
H: MIL3DAElarc.004 Aerosal Oplical Depth at 555 nm {Green Band)

<<< AOD Agqua MODIS vs MISR
correlation map for 2008

Correlation(A&B) (01Jan2003 — 310ec2004)
MODOA_D3.005 Aarsasl Optical Dapth at 550 nm (unitlesa)

As
: DAElare.004 Asrosgl Qpbcal Depth at 556 am {Green Band)

05

MODIS-Terra vs. MISR-
Terra: Map of AOD
temporal correlation >>>
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Image credit: Gregory Leptoukh, David Lary, Suhung Shen, Christopher Lynnes



Aerosol retrieval reference: AERONET

Image credit: aeronet.gsfc.nasa.gov



ey
* Aerosol data are

available from
different sensors

— MODIS

— MISR

— OMI

— POLDER
— CALIOP

— AERONET

* Hard to compare and
inter-validate

— Different spatial
and temporal
resolution

— Different data
access strategies

MAPSS: Multi-sensor Aerosol Products
ﬁ Sampling System
/52: g

/ i‘

MAPSS
uniformly
samples Level-2
aerosol

Sun photometer data subset time

interval: 1 hour (30 minutes before prOdUCtS and
and after a satellite overgass) stores resulting
statistics in

’ simple CSV files

Satellite

Aerosol plume

Giovanni-based
WEB interface

c/. \\
7 3
—— ) for MAPSS
4 v, Satellite data )
Sun photometer | — =t subset surface circle prOVIdeS d
\ 4 diameter: 50-55 km .
“ ey convenient
— T T T Tl ST Customized

access to the
data, with on-
line plotting
and data export
capabilities
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Sensor ground footprint (at nadir)
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MAPSS coverage

* 659 sampling locations
— 540 AERONET locations




Subset statistics

 General
— Number of pixels in sample space (Ndat)
— Valid pixel count (Nval)
— Closest pixel value (Cval)
— Mean, Median, Mode
— Standard Deviation

* Spatio-temporal variability
— Slope of fitted Plane or Line Ndat=9
— Azimuth (direction) of slope Nval =6
— Multiple (or Linear) Correlation Coefficient
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Additional subset data

* Geometry
— Solar zenith angle
— Sensor zenith angle
— Scattering angle
— ...and soon

* Data provenance
— Name of source data file
— Index of the closest pixel in the data file
* Quality control / Quality assurance (QA)

— Mode or mean of QA flags in the subset area

— Bit mask flags are decoded and reported as plain
numbers
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MAPSS data files

Each line represents a single data point, and contains:

* Date, Time, Location (Name and Lat/Lon)

* Geometry

* QA

* Layers, each containing statistics for a particular aerosol parameter

Date Time Orbit HDFfile Location Longitude | Latitude | block |irowe |icolc ndat nchan QAb | cval_AODO446b | nval_AODO446b | mean_ADD0446b | medn_AODO446b  sdev_AOD | slop_AOD. |slaz_AODO446b |mcoc_AODO446b | cval_AODOS58b | nval ADD  mwess 50
2009-11-30 17:31 52940 MISR_AM1_.. CART.SWE 1-97.486 36.607 61 5 24 B 4 1 0.073 0.071 0.0070  3.642 48.41 0.938
2009-11-30 17:31 52940 MISR_AM1_.. [CartSite  1-97.486 36.607 61 5 24 B 4 1 0.073 0.071 0.0070  3.642 48.41 0.938
2009-11-30  17:25 52940 MISR_AML_. [Churehill | -93.818 58.736 44 1 4 7 4 3 - - -- - - -
2009-11-30  17:32 52940 MISR_AML_.. Geronimo_TOM . |-97.93  29.61 66 8 32 1 4 3 - - - - - -
2009-11-30  17:30 52940 MISR_AML_.. Hillsboro kS |-97.301 38305 60 2 22 7 4 1 0.052 0.049 0.0090  3.304 324.388 0.872
2009-11-30 17:31 52940 MISR_AM1_... [HOP=Homestead -100.606 36558 61 7 & 7 4 1 0.053 0.048 0.011 4.04 200.949 0.824
2009-11-30  17:30 52940 MISR_AML .. KOMZA'EDC  |-96.61  39.102 59 5 25 9 4 1 0.051 0.05 0.0060  0.458 17.343 0.185
2009-11-30 17:31 52940 MISR_AM1_.. IWSSCAN  -97.979 3496 62 8 24 8 4 1 0.068 0.067 0.0040 0.483 208.051 0.336
2009-11-30 17:31 52940 MISR_AM1_.. [amontOK  -97.485 36.606 61 5 24 8 4 1 0.073 0.071 0.0070 3.642 48.41 0.938
2009-11-30  17:27 52940 MISR_AML_.. Pickle_lake  |-90.218 51.449 49 3 30 7 4 3 - - = . = -
2009-11-30 17:31 52940 MISR_AML_.. PurcellOK1-97.415 34969 62 7 27 B 4 3 0.061 0.064 0.012 -- - --
2009-11-30  17:29 52940 MISR_AML_. SMEX 1 -93.664 41936 56 8 32 1 4 3 - - -- - - -
2009-11-30  17:30 52940 MISR_AML_.. Shellon  |-98.76  40.75 S8 4 12 9 4 3 0.053 0.046 0.016 - - -
2009-11-30  17:29 52940 MISR_AML_.. SiowFalls  |-96.626 43.736 55 8 16 7 4 3 0.048 0.047 0.0080  -- - -
2009-11-30  17:32 52940 MISR_AML_.. TSUSMCTX  |-97.946 29.888 66 8 32 4 4 3 - - - - = -
2009-11-30  17:31 52940 MISRAML .. MielOK " |-99.204 36071 62 2 17 B 4 3 0.052 0.052 0.0040 - - -
2009-11-30  19:04 52941 MISR_AML_.. [Fort MeMurray  -111.476 56.752 44 7 30 8 4 3 - - -- - - -
2009-11-30  19:08 52941 MISR_AML_.. HjAndrews  |-122.224 44239 S5 5 12 7 4 3 0.101 0.101 0.0040  -- - -
2009-11-30  19:06 52941 MISR_AML_.. Kelowna |-119.373 49.955 50 8 15 8 4 3 - - - - = -
2009-11-30  19:09 52941 MISR_AML_... lake Tahoe  |-120.104 39.171 59 4 31 8 4 3 - - - - - -
2009-11-30  19:06 52941 MISR_AML_ .. [Lechiel -122.602 49.028 51 8 3 9 4 3 - - -- - - -
2009-11-30  19:10 52941 MISR_AML_.. MONTEREY  |-121.79 368 61 4 26 8 4 3 0.083 0.083 0.0030 - - -
2009-11-30  19:08 52941 MISR_AML_... Metolius Old_Pine|-121.622 44.499 55 3 14 8 4 3 0.073 0.073 -- -- - -
2009-11-30 19:10 52941 MISR_AM1_.. Monterey  1-121.855 36593 61 5 26 7 4 3 0.083 0.083 0.0020  -- - --
2009-11-30  19:10 52941 MISR_AM1_.. Moss Landing  -121.788 36.793 61 4 26 B 4 3 0.083 0.083 0.0030 - -- --
2009-11-30  19:07 52941 MISR_AML_. Richland | -119.28 4634 53 6 22 8 4 3 - - -- - - -
2000-10-30 1007 52041 MISRAML BIBBBERSSSEE 16,002 AGAK? S5 4 41 B A4 4
[ ] JL

) 4 L 4

Auxiliary information Statistics for layer 1 Statistics for layer 2

Sampled and stored daily to the WEB agghive
http://modis-atmos.gsfc.nasa.gov/MAPSS/
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Spaceborne sensor

Multi-sensor AOD analysis using MAPSS

Mean AOD at Evora
(MODIS:550nm, MISR:558nm, OMI: 500nm)

AERONET 1:1 line .~

* 4
.
X
XXXQ
){/KXX

*TMOD DT |y =0.88x - 0.01, R?* =0.73, N=512|
TMOD DB |y =0.74x - 0.01, R? = (.64, N=56
A AMOD DT [y =0.90x - 0.02, R* = 0.77, N=493]
AMOD DB |y = 0.68x + 0.01, R* = 0.66, N=101

= MISR [y = 0.81x +0.02, R? = 0.84, N=156]
X OMI 'y = 0.85% +0.04, R* = 0.33, N=562]
02 0.4 0.6 0.8 1
AERONET

Mean AOD at BONDVILLE
(MODIS:550nm, MISR:558nm, OMI: 500nm,CALIOP:532nm)

AERONET 1:1 line

12 1
: *
e
o8
wn
=
@
@ 06 y
= *TMOD DT [y=0.79x + 0.01, R = 0.80, N=415]
_g 04 | TMOD DB [y = 0.95x + 0.00, R = 0.64, N=215
o A AMOD DT |y = 0.96x - 0.02, R* = 0.76, N=196 |
-] AMOD DB y=L13x+ 0.01, R*=0.53, N=155
%0_2 = MISR ly=0.72x + 0.04, R? = 0.81, N=102|
*OMI y = 0.78x + 0.06, R? = 0.33, N=243
_ ACALIOP |y=1.26x-0.05, R*=0.74,N=11 |
0 ; . :
0 0.2 04 0.6 0.8 1 1.2
AERONET
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Best-QA mean AOD from multiple sensors at Djougou

(AERONET,MODIS and SeaWiFS at 550nm, MISR at 555nm, OMI at 500nm)

B Djougou
S

*The event was observed by multiple sensors, but most best-QA measurements underestimated the actual AOD value
*Interestjngly,there were no best-QA Deep Blue AOD retrievals from MODIS, but there were some from SeaWiFS 14




AERONET - OMI

Cross-sensor multivariate analysis

Aerosol layers and difference
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MODO04 L2 v.5.1, Image Optical Depth Land And Ocean

MODIS data with all QA

3

Mean AOD at 550nm(2000-2011), no QA filtering

Accounting for data quality

Y=0.93X+0.0

[e]

T 225

5, N=13693

8 = °
R=0.85 RMSE=0.02 = ~_ ¢ °

1.5

2

AERONET L2, v.2

2.

5

MODO04 L2 v.5.1, Image Optical Depth Land And Ocean

MODIS data with best QA

Mean AOD at 550nm(2000-2011), QA mode=3

o

R=0.90, RMSE=0.01

Y=0.98X+0.02, N=58629 -

a

1.5

2

AERONET L2, v.2
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MAPSS workflow

MODIS data OMI data
files files

.

MISR data POLDER data CALIOP data
files files files

-

Downloaded daily from Level-2 |
I

— WEB archives
files files for MODIS,
programs
OMI, MISR, POLDER,

Stored daily to the WEB archive CALIOF, and L

http://modis-atmos.gsfc.nasa.gov/MAPSS/ AERONET

" Giovanni: WEB MAPSS and AeroStat
—
" o) ) u

Customized » (5) = — B WEB MAPSS - Postgres

MAPSS data file -
R T \WEB MAPSS plot interface database
\/




MAPSS in Giovanni (WEB MAPSS)

Interactive MAPSS data
analysis system
Online plotting
* Time series
e Scatter plot (coming)
Customized CSV files with
selected MAPSS data
Interactive data filters
* QA (with explanations!)
* nval (number of
sampled pixels with
non-fill values)
Condensed documentation
for the supported products

MAPSS: Multi-sensor Aerosol Products Sampling System | HELP

This user interface is used to obtuin selected parameter statistics from the MAPSS database for a chosen location and time period. Time
Series Plot 1s the available service. Plot output is rendered as a graph and is also available in ASCII format.,

e

Ta seo tme series plots of MAPSS daia, choose fom the critera below and dick Get Plot(s)

Select Station

. i N
CSFC Browse

Select Parameters
0 BT DECATHRETL, TUST A BETTUAR SUSAIION Ot aach Mt Sl (Sagrring At I ATt Kl 400 rhe CROR M SRS AT Al B A0S e Sumeay Tezest G sTSOonS DaTarasen

® Bamic () Advanced

Product I I Paramitn

B =====-=--------o- )| variabia

WODIS water vapar L2 (Terra), Best 400 | [ Best 400 at 154nm \| | Central value

WCDIS water vapar L2 (Terra), m Best 554, | | Best ACO at TEEnm ' Mean m’
OMI aercsols L2, ver, 003 Best 2bsorption AOD M Best ADD at S00nm_ EEIOTEEL

Larmbert equivalent reflectivty i

Surface albedo

POLDER-1 aersols over land L3

)| | Standard dewiation
POLDER-Z aersols over land L3 T 1§ i

M  Best aeroscl optical depth (tau) at 500nm =

No additicnal irfocrmation No additional irfocrmatian No adaiticnal Ifme T ” T T T | Tl
Salected Measuremeanis
MODIS aerosals L2 (Aqua), ver. 051 © Comecled AQD - land - ACD al 550nm - land . Mean Crelete

Ne. of pizels with value: @ Al O ==5

Quality ower land: O All O == 1 [Marginal or Betler) () == 2 (Good or Betler) @ = 3 [Vary Good)

OMI saresats L2, ver. 003 : Begl AOD : Bagt ADD al S00m : Maa ( Delete )

No. of pixels with value: @ Al O ==2

Firal abgorithm flag: O Al @ =0 [Most reliabla) 0 <=2 (Lass reliabla)

Select Date Rangs

Date Range:  a007-ga-01 = | 2007-12-01 =

To soe time seckes plots of MAPSS data, choase from the criteria sbave and dick GCet Plot(s)

ACKNOWLEDGMENT: Support for the development of this data access system for integrated validation, intercomparison, and analysis of acrosol
peoducts from multiple satellites has been provided by NASA HQ (PM: Siephen Berrick) through the ROSES 2006 ACCESS Program (PL: Charles
[ehokuw). The AEROMET data are contributed by the Iniemational AERONET Federation (PL: Bren: Holben).

http://giovanni.gsfc.nasa.gov/mapss/




AOD Data quality information

AERONET No QA flags, data at Level-2 is quality assured
MODIS Integer flags, 0..3 (0=Bad, 3=Good)
MISR Integer flag, 0..3 (0=Good, 3=Bad)
OMI Integer flag, 0..7 (0=Good, 3..7=Bad)
Combination of several real numbers, [0..1]
POLDER [Bad .. Good]
CALIOP Combination of several real numbers, [0..1]

[Bad .. Good]
SeaWIiFS Integer flags, 0..3 (0=Bad, 3=Good)
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Time series

Time Series

L | L 1 | 1
1 ﬂ i E -
osooy iy b -
1 T :
0400 |} H i -
1 1Ll i R r
)] 1 Al I I i
ex ;
N SN A
0200+ | §| L[| \ AN 1_-
] 1‘|| | | | /&/ AN
! ! e / B
1 | ~ !
1 A T L
T L T T I L
0:0:0 16:0:0 8:0:0 0:0:0 16:0:0
Sep 1 Sep 22 Oct 14 Nov 5 Nov 26
2007 2007 2007 2007 2007

————--— AQOD: Mean of AOD at 550nm - land from MYD04_1 2.051

AQOD: Mean of Best AOD at 500nm from OMAERUV.003

Comma-separated (CSV) data file

Title: MAPSS MAFPSS Time Series
Start date: 2006-01-01
End date: 2007-12-31
Station(s):
datetime
1/1/06 12:20
1/4/06 14:15
1/5/06 11:55
1/5/06 11:30
1/5/06 14:33
1/12/06 12:00
1/13/06 14:09
1/13/06 14:24
1/14/06 11:45
1/14/06 11:49

WEB MAPSS outputs

Scatter plot*

AOD at BSRN_BAO_Boulder
01 Jim 2000 to 02 Jan 2010

-
ha

-
L=

MODO04 ACD Dark Target Land 550
e o
=1 =]

o
=

<
o

— T
02 04 06 08 10 1.2
AQD 558nm Mean

- MODO4 ACD Dark Target Land 550 Mean (nval >= §,QAavg-1 = 3,None)

y=1.223"x+0.068,AMS=0.059,R*=0.845, N=194

14

mean_ AERONET _AOD L2 2 ACDODS70_ Dakar mean_MODO04 L2 051 AODOGS0corr | Dakar mean MYDO4 L2 051 ACDOGE60carr | Dakar mean MIL2ZASAE 0022 AODOS72b Dakar

0.38

0.22

0.23
0.23
0.3

0.19

0.49

-0.01

0.1

0.08

20



GSocial

FaceBook-like social networking system for sharing and discussing
results of aerosol analysis in Giovanni

MAPSS: Multi-sensor Aerosol Products Sampling System

‘This user interface is used to obtain selected parameter statistics from the MAPSS database for a
service. Plot output is rendered as a graph and is also available in ASCIT format.

Data Selection m

-y
| History = || Criteria || Problem? Send a report! || Save (Share
Result 1 - MAPSS Time Series Save this result on Social Giovanni and share mpetrenk
Downloads | Lineage -
AOD at Kanpur
Time 01 Dee 2002 to 01 Mar 2003
L M
| y groups
0.800 ek member of ey grows.
=]
0.600+
=]
Q
< 0.400
1 Jan
+ 2003
0.200- | AERCOMET L2 Interpodated ADD 550 Mean
) ‘1‘ + g — ~=—am -~ MODO4 AOD Dk Target Land 550 Mea
Jum- A - 'W"f"‘. s A s "
T T T T MODO4 ACD Dark Target Land 550 Mean (rwal >« 5,QAavg- = 3)
0:0:0 20:34:17.1429 17:8:34.2857
Jan 1 Feb 12 Mar 27
2007 2007 2007
————— AQD: Mean of AOD at 550nm (interpolated) from AERONET_AOD_L2.2

T prabiem & N, a5 © s2id i the email. NCL £an et conmeet the Ene f they are Tilvalue. Now D QuEston & whether this flvalue & 0 e me o i the A00
s,

Post new Comment

Bady:




AeroStat

e System for statistical analysis and correction of the
systematic biases that might exist in aerosol
measurements
— Neural network algorithm uses MAPSS co-located data

to “learn” about possible biases in the measurements, in
relation to the corresponding measurement conditions

e E.g., AOD can be overestimated if cloud fraction is high

— The learned properties of the data can be used to
correct the biases in the original Level-2 data

* E.g., reduce retrieved AOD for pixels with high cloud fraction



AeroStat
Ip
Giovanni

* Simplified interface

* Provided data
 MAPSS data
 Level 2 data

e Subsetted
“on the fly”

Bias adjustment

* Plotting
* Time series
* Scatter plot
e Lat/Lon map

Annual repeating
month date range

AeroStat

AcroStat Giovanni allows online analysis of acrosol colocated with Acronet stations. This user interface is used to oblain statistics of selected parameters. The description of
cenerating statistics is at AeroStat. Scatter Plot, Time Series, and Lat-Lon Map are the available services. Flot output is rendered as a graph and is also available in ASCI format.

=

Online Platform for Statistical Inter-comparison of Aerosols

Virsion 1.0 Rolsass Notes Browssr Competibility

To creaie a plat, choass fom the criera beiow and dick |  Cet (s)

Select Service

Satellite Colocabed with AERONET
O Time Series - Multple Y-variables vs Time

= Scotter Pict - Muliple Yovariables vs e same Xanable m
Satellite Only

O Lat-Lon Map - Map of daly data

Select Station

"
Browse

Select Measuraments

ik mach i Busiow (Beginraing with Ko leflrasf i) & show Ve sed o Ly gualiiad messssments. Seiect s massnamend s Fan cick 2. epest dor aciional messsamants

Produs

Paramior Lyt Moasurement
AERONET L2 ADD, ver. 2 A00 Dark Target Land 470nm men
MIER L2 W00, ver. 0022 SO0 Dark Target Ocean S<0nm median
MODIS Agua L2 AQD, wer. 051 SO0 Deep Blue at 550nm GEInm
MODIS Terra L2 ADD, ver. 051

#00 Deen Blue

Mare about MODIS Agua L2 AOD, ver 051 .. | | | More about AOD Dark Target Land ... ||| more about s0nm — || Mo about mean ... L
Selecied Measwements
Yohuls | AFRONET L2 ADD, ver. 2 - Interpalated AT - 550nm : mean [ Delete )

No. of Pixels: O Mol Fillred & =2
ek MODIS Auz L2 AGD, ver. 051 : ADD Dark Target Lard : 550nem : mean [ Delete )

Ho. of Pizels: O Mol Fillered @ »=35
QA: ) Not Fillsred () =1 (Marginal or Better) () = 2 (Good or Belter] & =3 (Very good)
Bias Adjustment:  ® None ) Neural Netwark
Select Date Range

() Date Picker ) Annual Repeatng Martns

Show Data Temporal Cowerage

Menths to Repeat: | June . !

through

i+

August

?]

Repeat From: | 1956 8] to | 2011

To create a plof, chooss from the crferia abave and dick
Suppoet for the development of this online platform for the statistical intercomparison of acrosols has been provided by NASA HQ (PM: Stephen Berrick) theough the

ROSES 4‘- .%M’.CESS
Program (PL: Gregory Leptoukh}). The AERONET data are contributed by the International AERONET Federation (PI: Brent Holben).




AeroStat: Lat/Lon map

B8°35'N, 129°22'W

g for 05 Mar 2003
from MYDO04 1.2 AOD Ocean 550 nm

ey

)
w
»
\“‘\.
5°N — __"\k
50°W 40°W 30°wW 20°W
- : . T 1] |
Level 2 data subsetted by AeroStat in real time >> ' i ose Tk 15

24



Summary

* MAPSS provides the consistent and convenient
framework for integrated analysis and validation of
aerosol products from multiple sensors

* Aerosol products are sampled by the MAPSS system
on a daily basis and served through the FTP archive
of CSV files, and also through the interactive MAPSS
and AeroStat Giovanni interfaces

* The unified format and structure of the sampled
data sets facilitates automated analysis of the
uncertainties in aerosol retrievals



Future

Aerosol uncertainty analysis and exploration
tool (interactive scatter plot, map, etc)

Extended support for Level-2 data plotting and
analysis

User-configurable Level-2 data merging,
accounting for uncertainties

Multi-faceted search and GUI redesign (also,
update data access!)

Improved collaborative capabilities
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